COLLISION DETERMINATION SYSTEM 



FIELD OF THE INVENTION 
[OOOl] The present invention relates to a collision determi- 
5 nation system and, more particularly, to a collision determination 
system for detecting a collision of a vehicle with an object of 
protection and outputting an actuating signal to hood actuators. 

BACKGROUND OF THE INVENTION 
[0002] As an exemplary conventional art, a collision determi- 

10 nation system in a "Vehicle Hood Actuating System" of Japanese 
Patent Laid-Open Publication No, 2001-80545 is cited. FIG. 11 is 
an overall view showing the vehicle hood actuating system having 
the collision determination system. In the vehicle hood actuating 
system, the collision determination system consists of a speed 

15 sensor 501 for detecting the vehicle speed, an acceleration sensor 
503 for detecting an acceleration acting on a bumper 502 upon a 
collision of a vehicle 500 with an object of protection M, a 
deformation rate calculator 504 for calculating a bumper 
deformation rate from the information of acceleration detected 

20 by the acceleration sensor 503, a smoothing processor 505, a 
speed- threshold map 506 for varying the threshold of the bumper 
deformation rate in accordance with the vehicle speed, a hood 
actuating device including actuators 508 for holding up the 
proximal ends of a hood 509 by a predetermined amount, and an 

25 electric control unit (ECU) 507 for controlling the operation of 
the actuators 508. When a vehicle speed detected by the speed 
sensor 501 is a predetermined vehicle speed and a calculated bumper 
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deformation rate exceeds the threshold , the control unit 507 
determines that the collision object is a predetermined object 
of protection M and operates the actuators 508 to lift the hood 
509 at their proximal ends. The hood actuating device lifts the 
5 hood 509 , thereby mitigating the impact of a secondary collision 
of the protection object M with the hood 509. 

[0003] In the above-described collision determination system, 
if a malfunction occurs in an acceleration sensing element, 
electric circuit or the like in the acceleration sensor 503, an 

10 invalid signal (acceleration signal of a great acceleration as 
provided upon the occurrence of collision) due to the malfunction 
may be supplied from the acceleration sensor 503 though in a 
no-collision state. Mis identifying the invalid signal as a normal 
valid signal, the control unit 507 may determine that a collision 

15 occurs and actuate the hood 509. 

[0004] Air bag systems have employed a collision determination 
system having an impact sensor for sensing an impact of above a 
certain level provided in a control unit, which system being 
configured not to actuate air bags when the impact sensor detects 

20 nothing, even if a collision determination signal is supplied from 
the control unit. The impact sensor, however, is provided in the 
control unit and can only sense an impact sufficiently large to 
actuate air bags. 

[0005] In a collision with an object of as small a weight as 
25 a pedestrian as a protection object of a collision determination 
system of the present invention, impact occurs only near a bumper 
as a colliding area. The impact sensor provided in the control 
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unit as described above cannot sense a collision with an object 
of as small a weight as a pedestrian. 

[0006] It might be possible to mount the control unit at the 
front end of a vehicle. It is, however, difficult to place the 
5 control unit in such a narrow space as a vehicle front end portion. 
Therefore the above-described impact determination system for use 
in air bag systems cannot be used for a collision determination 
system for actuating hood actuators, which is the subject matter 
of the present invention. 

10 [0007] Thus desired is a collision determination system having 
a control unit which reliably determines whether a vehicle collides 
with an object and outputs an actuating signal as appropriate, 
even when an invalid signal due to a malfunction in an acceleration 
sensing element, electrical circuit or the like in an acceleration 

15 sensor is supplied. 

SUMMARY OF THE INVENTION 
[0008] According to the present invention, there is provided 
a collision determination system for detecting a collision of a 
vehicle with an object and outputting an actuating signal to 

20 collision mitigating devices , which system comprises : a plurality 
of acceleration sensors mountable to a front portion of the vehicle 
to detect accelerations of movement of the front portion in the 
vehicle longitudinal direction; an actuation permitter for 
outputting an actuation permitting signal for a fixed time period 

25 when one of the acceleration sensors detects an acceleration equal 
to or more than a set value within a set time after another 
acceleration sensor detects an acceleration equal to or more than 
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the set value; a collision detector for outputting a collision 
detection signal when determining that a collision with a given 
object occurs based on acceleration detected by at least one of 
the acceleration sensors; and an actuating signal output for 
5 outputting an actuating signal to the collision mitigating devices 
when receiving both an actuation permitting signal from the 
actuation permitter and a collision detection signal from the 
collision detector. 

[0009] Thus, in the collision determination system of this 

10 invention, even when one of the acceleration sensors detects an 
acceleration equal to or more than the set value by the malfunction 
of the acceleration sensor and a collision signal is provided, 
the output of an actuating signal due to the malfunction of the 
acceleration sensor can be prevented by referring to another 

15 acceleration sensor. 

[OOIO] In the present invention, a control unit including the 
actuation permitter, collision detector and actuating signal 
output is preferably mounted in a position different from that 
of the acceleration sensors . Even when an acceleration signal of 

20 a large acceleration as supplied at the occurrence of collision 
is supplied by the malfunction of an acceleration sensing element, 
electric circuit or the like in one of the acceleration sensors, 
the control unit provided in a position different from that of 
the acceleration sensors can thus reliably detect whether the 

25 vehicle collides with an object and output an actuating signal 
as appropriate. This is preferable for collision determination 
systems for collision mitigating devices because collision 
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determination systems used in air bag systems and having impact 
sensors in control units cannot detect such collisions as causing 
impacts only near bumpers as colliding areas, which are the subject 
of the present invention. Further , limitations on the mounting 
5 position of the control unit can be eliminated. 

[OOll] Further, in the present invention, there is provided a 
collision determination system for detecting a collision of a 
vehicle with an object and outputting an actuating signal to 
collision mitigating devices, which system comprises : a plurality 

10 of acceleration sensors mountable to a front portion of the vehicle 
to detect accelerations of movement of the front portion in the 
vehicle longitudinal direction; a plurality of collision 
detectors provided in correspondence with the respective 
acceleration sensors to perform calculations with the detected 

15 accelerations detected by the acceleration sensors, thereby to 
detect a collision of the vehicle with the object; a plurality 
of acceleration comparators provided in correspondence with the 
respective acceleration sensors to determine whether or not the 
detected accelerations detected by the acceleration sensors are 

20 equal to or more than a set value; and an actuating signal output 
for outputting an actuating signal when determining that any of 
the collision detectors detects a collision and any of the 
acceleration comparators referring to the corresponding 
acceleration sensor which is different from the acceleration 

25 sensor referred to by the collision detector detecting the 
collision has detected an acceleration equal to or more than the 
set value during a past time period before the collision detection. 
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[0012] According to the above collision determination system, 
collision determination is not made soon after one of the collision 
detectors referring to the corresponding acceleration sensor 
detects a collision/ but is made by checking whether the 
5 acceleration of another acceleration sensor has been equal to or 
more than the set value during a past time period before the 
collision detection. Even if an acceleration signal of a large 
acceleration as supplied at the occurrence of collision is supplied 
by the malfunction of an acceleration sensing element or electric 

10 circuit in one of the acceleration sensors, collision 
determination is not made when the acceleration of another 
acceleration sensor is less than the set value, so that an actuating 
signal is not supplied to actuate the collision mitigating devices . 
[0013] Further in the present invention, the actuating signal 

15 output outputs an actuating signal under such conditions that any 
of the collision detectors detects a collision and any of the 
acceleration comparators referring to the acceleration sensor 
mounted adjacent to the acceleration sensor referred to by the 
collision detector detecting the collision has detected an 

20 acceleration equal to or more than the set value during a past 
time period before the collision detection. That is, an actuating 
signal is supplied when the acceleration detected by the accelera- 
tion sensor mounted adjacent to the acceleration sensor referred 
to by the collision detector detecting the collision is equal to 

25 or more than the set value, so that collision determination is 
reliably made to actuate the collision mitigating devices. 
[0014] A control unit including the collision detectors, 
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acceleration comparators and actuating signal output is 
preferably mounted in a position different from that of the 
acceleration sensors. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 [0015] Preferred embodiments of the present invention will be 
described in detail below, by way of example only, with reference 
to the accompanying drawings, in which: 

[0016] FIG. 1 is a perspective view of a vehicle equipped with 
a collision determination system according to a first embodiment 
10 of the present invention with two acceleration sensors provided 
in a vehicle front portion; 

[0017] FIG. 2 is a cross-sectional view before a collision of 
a vehicle front end portion provided with the acceleration sensors ; 
[0018] FIG. 3 is a cross-sectional view during a collision of 
15 the vehicle front end portion provided with the acceleration 
sensors ; 

[0019] FIG. 4 is an electrical functional block diagram of an 
ECU in the collision determination system according to the first 
embodiment of the present invention; 

20 [0020] FIGS. 5A and 5B are flowcharts of the operation of the 
collision determination system shown in FIG. 4; 
[0021] FIG. 6 is a perspective view of a vehicle equipped with 
a collision determination system according to a second embodiment 
of the present invention with three acceleration sensors provided 

25 in a vehicle front portion; 

[0022] FIG. 7 is an electrical functional block diagram of an 
ECU in the collision determination system according to the second 
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embodiment of the present invention; 

[0023] FIGS. 8A and 8B are flowcharts showing the operation of 
the collision determination system according to the second 
embodiment shown in FIG. 7; 
5 [OQ24] FIG. 9 is an electrical functional block diagram of an 
ECU in a collision determination system according to a third 
embodiment of the present invention; 

[0025] FIG. 10 is a flowchart of the operation of the collision 
determination system according to the third embodiment, 
10 corresponding to the flowchart of the second embodiment shown in 
FIG. 8B; and 

[0026] FIG. 11 is an overall view showing a vehicle hood 
actuating system with a conventional collision determination 
system. 

15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0027] Initial reference is made to FIGS. 1 - 5B inclusive, which 
illustrate a collision determination system in a first embodiment 
of the present invention. In a vehicle front end portion 1 shown 
in FIG. 1, acceleration sensors 2a and 2b are provided. The 

20 acceleration sensors 2a and 2b are connected to an ECU (electric 
control unit) 7 mounted in the vehicle. Any transmission means 
(such as radio) rather than cables may be used for connection 
between the acceleration sensors 2a and 2b and the ECU 7. 
[0028] The acceleration sensors 2a and 2b are each configured 

25 in a unit as large as a matchbox , including a well known 
capacitance-type acceleration sensing element and electrical 
circuit. A weight is provided in the acceleration sensing element. 
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The acceleration sensors 2a and 2b transmit acceleration signals 
to the ECU 7 according to detected accelerations due to a collision. 
[OQ29] The ECU 7 outputs an actuating signal to a right actuator 
6a and a left actuator 6b , controlling the actuation. The right 
5 and left actuators 6a and 6b are hood lifting devices. The right 
and left actuators 6a and 6b actuated hold up the hood 5. FIG. 
1 illustrates the hood 5 in a lifted state. The ECU 7 makes a 
collision determination based on the received acceleration 
signals on acceleration values . When determining that the vehicle 
10 front end portion 1 has collided with an object, the ECU 7 actuates 
the right and left actuators 6a and 6b to lift the hood 5 to a 
predetermined level. As a result, impact in a secondary collision 
of the object with the hood 5 is mitigated. 

[0030] Now, the detection of acceleration due to collision will 

15 be described with reference to FIGS. 2 and 3. 

[0031] The acceleration sensors 2 a and 2b are provided on the 
inner surface of a bumper face 3 covering the front of a front 
bumper 3A at the vehicle front end portion 1 . Chain double-dashed 
lines in FIG. 3 show the position of the bumper face 3 before 

20 collision. When the bumper face 3 moves rightward in the figure 
(rearward of the vehicle) by a collision with an object M, the 
weights in the acceleration sensing elements move by inertia in 
the direction opposite to the direction "a" of acceleration caused 
by the movement of the bumper face 3. Variations in capacitance 

25 caused by the movements of the weights are taken by the electric 
circuits as acceleration values. 

[0032] The acceleration sensors 2a and 2b detect accelerations 
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caused by the movement of the bumper face 3 using variations in 
capacitance caused by the movements of the weights in the 
acceleration sensing elements as described above. The above- 
described detection of acceleration of the bumper face 3 moving 
5 by collision eliminates the need for providing sensors 
transversely over the overall length of the bumper face 3 as load 
sensors for directly detecting force. Thus in this embodiment , 
the two acceleration sensors 2a and 2b are provided transversely 
at the bumper face 3 . 

10 [0033] In the first embodiment , the acceleration sensors 2a arid 
2b are provided at the bumper face 3 of the vehicle front end portion 
1, which is not limiting. Acceleration sensors may be attached 
to a bracket deformable like the bumper face. Alternatively, 
acceleration sensors may be provided at the side or rear of a 

15 vehicle so as to determine a side collision or a collision from 
behind. 

[0034] As shown in FIG. 4, the ECU 7 includes a speed calculator 
8, speed comparator 9, collision detector 23 , actuation permitter 
24 and actuating signal output 22. The collision detector 23 

20 includes a first deformation rate calculator 11 and a second 
deformation rate calculator 12 which receive detected accelera- 
tions from the acceleration sensors 2a and 2b , a first deformation 
rate comparator 13 and a second deformation rate comparator 14 
for comparing deformation rates calculated in the first 

25 deformation rate calculator 11 and the second deformation rate 
calculator 12 with a set value, and a collision detection signal 
output 15 for outputting a collision detection signal based on 
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the results of comparisons made by the first deformation rate 
comparator 13 and the second deformation rate comparator 14. 
1 0035J The actuation permitter 24 includes a first acceleration 
comparator 16 and a second acceleration comparator 17 which receive 
5 detected accelerations from the acceleration sensors 2a and 2b, 
a first timer 18 and a second timer 19 which refer to the first 
acceleration comparator 16 and the second acceleration comparator 
17 , a third timer 20 which refers to the first timer 18 and the 
second timer 19, and an actuation permitting signal output 21 which 

10 refers to the third timer 20. 

[0036] The actuating signal output 22 receives a collision 
detection signal supplied from the collision detection signal 
output 15 in the collision detector 23 and an actuation permitting 
signal supplied from the actuation permitting signal output 21 

15 in the actuation permitter 24. 

[0037J The speed calculator 8 receives a pulse signal supplied 
from a speed sensor 4 and calculates the current vehicle speed 
from the pulse period. The speed comparator 9 makes a comparison 
to determine whether the current vehicle speed is equal to or more 

20 than a set speed. When determining that the current vehicle speed 
is equal to or more than a set value, the speed comparator 9 
transmits a speed comparison signal to the first and second 
deformation rate calculators 11 and 12. The first and second 
deformation rate calculators 11 and 12 having received the speed 

25 comparison signal calculate deformation rates based on detected 
accelerations transmitted from the right and left acceleration 
sensors 2a and 2b, respectively. 
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[0038] The first deformation rate calculator 11 stores detected 
accelerations having been supplied from the right acceleration 
sensor 2a from a fixed time ago to that moment , and determines 
the deformation rate by the integration calculation of the detected 
5 accelerations . The second deformation rate calculator 12 stores 
detected accelerations having been supplied from the left 
acceleration sensor 2b from a fixed time ago to that moment, and 
determines the deformation rate by the integration calculation 
of the detected accelerations. 

10 [0039] The first deformation rate comparator 13 determines 
whether or not the deformation rate calculated by the first 
deformation rate calculator 11 is equal to or more than the set 
value, and outputs a deformation rate comparison signal. 
Similarly, the second deformation rate comparator 14 determines 

15 whether or not the deformation rate calculated by the second 
deformation rate calculator 12 is equal to or more than the set 
value, and outputs a deformation rate comparison signal. The 
collision detection signal output 15 outputs a collision detection 
signal when receiving a deformation rate comparison signal from 

20 either of the first and second deformation rate comparators 13 
and 14. 

[0040] The first acceleration comparator 16 determines whether 
or not the detected acceleration supplied from the right 
acceleration sensor 2a is equal to or more than the set value. 
25 When determining that the detected acceleration is equal to or 
more than the set value, the first acceleration comparator 16 
outputs an acceleration comparison signal to the first timer 18. 



-12- 



The first timer 18 starts and then stops at the time when a set 
time elapses. 

[0041] The second acceleration comparator 17 determines 

whether or not the detected acceleration supplied from the left 
5 acceleration sensor 2b is equal to or more than the set value. 
When determining that the detected acceleration is equal to or 
more than the set value , the second acceleration comparator 17 
outputs an acceleration comparison signal to the second timer 19. 
The second timer 19 starts and then stops at the time when a set 

10 time elapses. 

[0042] The third timer 20 starts when determining that both the 
first and second timers 18 and 19 are in operation, and stops at 
the time when a set time elapses . The actuation permitting signal 
output 21 outputs an actuation permitting signal for a fixed time 

15 period when determining that the third timer 20 is in operation. 
That is , at the time when either of the right and left acceleration 
sensors 2 a and 2b detects an acceleration equal to or greater than 
the set value while the timer 19 (or 18) associated with the other 
acceleration sensor 2b (or 2a) operates upon the detection of an 

20 acceleration equal to or more than the set value by the acceleration 
sensor 2b (or 2a) , the actuation permitting signal output 21 
outputs an actuation permitting signal for a fixed time period. 
[0043] The actuating signal output 22 outputs an actuating 
signal to the actuators 6a and 7b when receiving both an actuation 

25 permitting signal from the actuation permitting signal output 21 
and a collision detection signal from the collision detection 
signal output 15. 
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[0044] Now, an operation of the collision determination system 
according to the first embodiment of the present invention will 
be described with reference to flowcharts shown in FIGS. 5A and 
5B. 

5 [0045] At the start of operation of the collision determination 
system, first in step S101, various parameters (vehicle speed, 
deformation rate and flags) for use in collision determination 
are initialized. 

[0046] Detected accelerations supplied from the right and left 
10 acceleration sensors 2a and 2b are read (step S102), and it is 
determined whether the detected acceleration of the right 
acceleration sensor 2a is equal to or more than the set value (step 
S103). When it is determined that the detected acceleration is 
equal to or more than the set value, the timer value of the first 
15 timer 18 is reset to start (step S104) and the value of a first 
flag is set at 1 (step S105). 

[0047] When it is determined that the detected acceleration is 
less than the set value in step S103, it is checked whether or 
not the first timer 18 has already operated (step S106) . When the 

20 first timer 18 is in operation, the process proceeds to step S108, 
and when not, the value of the first flag is set at 0 (step S107) . 
[0048] Through the operation of steps S103 to S107, once the 
detected acceleration of the right acceleration sensor 2 a becomes 
equal to or more than the set value, the value of the first flag 

25 is 1 for a fixed time period even if the detected acceleration 
then becomes less than the set value during that period. 
Specifically, if the value of the first flag is set at 0 after 
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it is once determined that the detected acceleration of the right 
acceleration sensor 2a is equal to or more than the set value , 
no actuation permitting signal is provided for actuating the 
actuators 6a and 6b even when a collision is detected as described 
5 with FIG. 5B. It is thus necessary to maintain the first flag at 
1 within the set time of the first timer 18 to prevent the value 
of the first flag from becoming 0 in steps S106 and S107. The same 
is true for steps Sill and S112 and steps S116 and S117 to be 
described below. 

10 [0049] Then it is determined whether the detected acceleration 
supplied from the left acceleration sensor 2b is equal to or more 
than the set value (step S108). When it is determined that the 
detected acceleration is equal to or more than the set value, the 
timer value of the second timer 19 is reset to start (step S109), 

15 and the value of a second flag is set at 1 (step S110). 

[0050] When the detected acceleration is less than the set value 
in step S108, it is checked whether or not the second timer 19 
has already operated (step Sill) . When the second timer 19 is in 
operation , the process proceeds to step S113, and when not, the 

20 value of the second flag is set at 0 (step S112). Through the 
operation of steps S108 to S112, once the detected acceleration 
of the left acceleration sensor 2b becomes equal to or more than 
the set value, the value of the second flag is 1 for a fixed time 
period even if the detected acceleration then becomes less than 

25 the set value during that period. 

[0051] Then it is determined whether both of the first and second 
flags are 1 (step S113). When both of the first and second flags 
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are 1, the timer value of the third timer 20 is reset to start 
(step S114) , and an actuation permitting signal is provided (step 
S115) . 

[0052] When one of the first and second flags is 0 in step S113, 
5 it is determined whether the third timer is in operation (step 
SI 16 ) . When the third timer is in operation , the process proceeds 
to step S118 / and when not, proceeds to step S117. In step S117, 
the output of an actuation permitting signal is stopped. Through 
the operation of steps S113 to S117, once both of the first and 
10 second flags become 1, an actuation permitting signal is provided 
for a fixed time period even if either of the first and second 
flags becomes 0 during that period. 

[0053] As shown in FIG. 5B, in step S118, the speed calculator 
8 calculates the current vehicle speed to determine whether the 

15 current vehicle speed is equal to or more than the set value (step 
S119). When the current vehicle speed is equal to or more than 
the set value, the process proceeds to step S120 . When the current 
vehicle speed is less than the set value, the process returns to 
step S102 . In step S120, the deformation rate is calculated based 

20 on the detected accelerations of the right acceleration sensor 
2a. 

[0054] In step S121, the deformation rate is calculated based 
on the detected accelerations of the left acceleration sensor 2b. 
It is determined whether at least one of the left and right 
25 deformation rates calculated in steps S120 and S121 is equal to 
or more than the set value (step S122) . When it is determined that 
at least one of the left and right deformation rates is equal to 
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or more than the set value , a collision detection signal is provided 
(step S123). When both of the left and right deformation rates 
are less than the set value, the process returns to step S102. 
[0055] It is determined whether an actuation permitting signal 
5 is provided (step S124). When an actuation permitting signal is 
provided, the actuators 6a and 6b are actuated (step S125) . When 
no actuation permitting signal is provided, the process returns 
to step S102. When the process proceeds to step S125 to actuate 
the actuators 6a and 6b, the operation is finished. 

10 [O056] The first embodiment has been described with the two 
acceleration sensors 2a and 2b. The number of acceleration 
sensors is not limited to two and may be three or more. 
[0057] As described above, according to the collision determi- 
nation system of the first embodiment, even when one of a plurality 

15 of acceleration sensors outputs by malfunction an acceleration 
signal corresponding to acceleration at the occurrence of 
collision and a collision detection signal is provided, the output 
of an actuating signal due to the malfunction of the acceleration 
sensor can be prevented by referring to another acceleration 

20 sensor . 

[0058] Now, a collision determination system according to a 
second embodiment with three acceleration sensors provided in a 
front end portion of a vehicle will be described with reference 
to FIGS. 6 to FIGS. 8A and 8B inclusive. 
25 [0059] In a vehicle front end portion 201 shown in FIG. 6, 
acceleration sensors 202a, 202b and 202c are provided. The 
acceleration sensors 202a, 202b and 202c are connected to an ECU 
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(electric control unit) 207 provided within a passenger 
compartment . Any means (such as radio) rather than wire cables 
may be used for connection between the acceleration sensors 2 02 a, 
202b and 202c and the ECU 207. 
5 [0060] The acceleration sensors 202a, 202b and 202c each have 
the same configuration as the acceleration sensors described with 
FIG. 1. The acceleration sensors 202a , 202b and 202c transmit 
acceleration signals to the ECU 207 according to detected 
accelerations caused by collision. 

10 [0061] The ECU 207 outputs an actuating signal to a right 
actuator 206a and a left actuator 206b, controlling the actuation. 
The right and left actuators 206a and 206b are hood lifting devices . 
The right and left actuators 206a and 206b actuated lift a hood 
205. FIG. 6 shows the hood 205 in a lifted state. The ECU 207 

15 performs collision determination based on received acceleration 
signals on acceleration values, and, when determining that the 
front end portion 201 of the vehicle has collided with an object, 
actuates the right and left actuators 206a and 206b to lift the 
hood 205 to a predetermined level. As a result, impact in a 

20 secondary collision of the object with the hood 205 is mitigated. 
[0062] Acceleration comparators and collision detectors 

associated with the respective three acceleration sensors 202a, 
202b and 202c are provided in the ECU 207. 

[0063] The mounting of the three acceleration sensors 202a, 202b 
25 and 202c to a bumper and the detection of acceleration are done 
in the same manner as in the first embodiment described with FIGS. 
2 and 3. 
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[0064] As shown in FIG. 7 , the ECU 207 in the second embodiment 
consists of an acceleration comparator 210, a collision detector 
212, and an actuating signal output 217. 

[0065] The acceleration comparator 210 consists of a first 
5 acceleration comparator 210a, second acceleration comparator 210b 
and third acceleration comparator 210c which receive acceleration 
signals from the acceleration sensors 202a, 202b and 202c, and 
a first timer 211a, second timer 211b and third timer 211c paired 
with the comparators 210a, 210b and 210c, respectively. 

10 [0066] The collision detector 212 has a first collision detector 
212a, second collision detector 212b and third collision detector 
212c which receive acceleration signals for collision detection. 
[0067] The actuating signal output 217 has a collision 

determiner 216 and an actuating signal output 217a. The collision 

15 determiner 216 consists of a first collision determiner 216a, 
second collision determiner 216b and third collision determiner 
216c. In FIG. 7, the first acceleration comparator 210a, second 
acceleration comparator 210b and third acceleration comparator 
210c have substantially the same function. The first timer 211a, 

20 second timer 211b and third timer 211c also have substantially 
the same function. The first collision detector 212a, second 
collision detector 212b and third collision detector 212c also 
have substantially the same function. Thus description will be 
made below about the operations of the first acceleration 

25 comparator 210a, first timer 211a and first collision detector 
212a. 

[0068] The first acceleration comparator 210a refers to the 
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first acceleration sensor 202a to determine whether or not an 
acceleration detected by the first acceleration sensor 202a is 
equal to or more than a set value. When the comparison shows that 
the acceleration is equal to or more than the set value, an 
5 acceleration comparison signal is supplied to the first timer 211a, 
and the first timer 211a starts. The first timer 211a stops at 
the time when a predetermined time elapses after the start . That 
is, the first timer 211a is in operation for a predetermined time 
period after starting upon the determination of the first 

10 acceleration comparator 210a that the acceleration is equal to 
or more than the set value. This is for collision determination 
based on the fact that a collision signal to be described below 
is provided during the predetermined time period after an 
acceleration equal to or more than the set value is detected. 

15 [0069] The second acceleration comparator 210b and third 

acceleration comparator 210c and the second timer 211b and third 
timer 211c make comparisons and start based on accelerations 
detected by the second acceleration sensor 202b and third 
acceleration sensors 202c, respectively, in the same manner as 

20 the first acceleration comparator 210a and the first timer 211a. 
The operating states of the first timer 211a and second timer 211b 
are referred to by the third collision determiner 216c. The 
operating states of the second timer 211b and third timer 211c 
are referred to by the first collision determiner 216a. The 

25 operating states of the first timer 211a and third timer 211c are 
referred to by the second collision determiner 216b. 
[O07O] The ECU 207 has a speed calculator 208 which receives 
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a pulse signal supplied from a speed sensor 204 and calculates 
the vehicle speed , and a speed comparator 209 for comparing the 
calculated vehicle speed with a set speed. 

[0071] The speed calculator 208 calculates the current vehicle 
5 speed from the pulse period of a pulse signal supplied from the 
speed sensor 204. The speed comparator 209 makes a comparison to 
determine whether or not the current vehicle speed calculated by 
the speed calculator 208 is equal to or more than the set speed , 
and, when the answer is yes, transmits a speed comparison signal 
10 to the first, second and third collision detectors 212a, 212b and 
212c. 

[0072] The first, second and third collision detectors 212a, 
212b and 212c use the speed comparison signal on the determination 
by the speed comparator 209 that the current vehicle speed is equal 

15 to or more than the set value, for the operation of collision 
detection based on accelerations supplied from the first, second 
and third acceleration sensors 202a, 202b and 202c. 
[0073] The first collision detector 212a consists of a first 
deformation rate calculator 213a, first deformation amount 

20 calculator 2 14a and first deformation comparator 215a. The second 
collision detector 212b consists of a second deformation rate 
calculator 213b, second deformation amount calculator 214b and 
second deformation comparator 215b. The third collision detector 
212c consists of a third deformation rate calculator 213c, third 

25 deformation amount calculator 214c and third deformation 
comparator 215c. In a description below, the operation of the 
first collision detector 212a will be described. 
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[0074] The first deformation rate calculator 213a stores 

accelerations which have been detected by the first acceleration 
sensor 202a for a fixed time period , and determines the deformation 
rate of a bumper face 203 from the value of the integration 
5 calculation of the accelerations in the fixed time period. 

[O075] The first deformation amount calculator 214a stores 
deformation rates of the bumper face 203 which have been calculated 
by the first deformation rate calculator 213a for a fixed time 
period, and determines the amount of deformation of the bumper 
10 face 203 by the integration calculation of the deformation rates 
in the fixed time period. 

[0076] The first deformation comparator 215a compares the 
deformation rate calculated by the first deformation rate 
calculator 213a with a predetermined deformation rate threshold, 

15 and also compares the deformation amount calculated by the first 
deformation amount calculator 214a with a predetermined 
deformation amount threshold. When both of the deformation rate 
and deformation amount are equal to or more than the thresholds, 
a collision signal is provided. 

20 [O077] The second and third collision detectors 212b and 212c 
have the same configuration and component function as the first 
collision detector 212a, and will not be described. Collision 
signals supplied from the first, second and third collision 
detectors 212a, 212b and 212c are received by the first, second 

25 and third collision determiners 216a, 216b and 216c, respectively. 
[0078] The first collision determiner 216a receives a collision 
signal supplied from the first collision detector 212a and refers 
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to the operating states of the second and third timers 211b and 
211c. When determining that either of the second and third timers 
211b and 211c is in operation while the collision signal is supplied 
from the first collision detector 212a, the first collision 
5 determiner 216a outputs a collision determination signal. The 
actuating signal output 217a receives the collision determination 
signal supplied from the first collision determiner 216a. 
[O079] The second collision determiner 216b receives a 

collision signal supplied from the second collision detector 212b 

10 and refers to the operating states of the first and third timers 
211a and 211c. When determining that either of the first and third 
timers 211a and 211c is in operation while the collision signal 
is supplied from the second collision detector 212b, the second 
collision determiner 216b outputs a collision determination 

15 signal to the actuating signal output 217a. 

[0080] The third collision determiner 216c receives a collision 
signal supplied from the third collision detector 212c and refers 
to the operating states of the first and second timers 211a and 
211b. When determining that either of the first and second timers 

20 211a and 211b is in operation while the collision signal is supplied 
from the third collision detector 212c, the third collision 
determiner 216c outputs a collision determination signal to the 
actuating signal output 217a. 

[0081] The actuating signal output 217a outputs an actuating 
25 signal to the actuators 206a and 206b when receiving a collision 
determination signal from any of the first, second and third 
collision determiners 216a, 216b and 216c. 
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[0082] Now, an operation of the collision determination system 
in the second embodiment shown in FIG. 7 will be described with 
reference to flowcharts shown in FIGS. 8A and 8B. 
[0063] At the start of operation of the collision determination 
5 system, various parameters (vehicle speed, deformation rate, 
deformation amount and the values of flags) for use in collision 
determination are first initialized (step S301). Accelerations 
supplied from the acceleration sensors 202a, 202b and 202c are 
read (step S302), and then the first acceleration comparator 210a 
10 makes a comparison to determine whether or not the detected 
acceleration of the first acceleration sensor 202a is equal to 
or more than the set value (step S303). 

[0084] When the first acceleration comparator 210a determines 
that the detected acceleration of the first acceleration sensor 
15 202a is equal to or more than the set value, the timer value of 
the first timer 211a is reset to start (step S304) and the value 
of a first flag is set at 1 (step S305). 

[0085] When the first acceleration comparator 210a determines 
that the detected acceleration is less than the set value, it is 

20 checked whether or not the first timer 211a is in operation (step 
S306). When the first timer 211a is in operation (the value of 
the first flag is 1), the process directly proceeds to step S308. 
When the first timer 211a is not in operation, the value of the 
first flag is turned to 0 (step S307). Through the operation of 

25 steps S303 to S307, once the detected acceleration of the first 
acceleration sensor 202a becomes equal to or more than the set 
value (the value of the first flag is 1), the value of the first 
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flag is maintained at 1 for a predetermined fixed time period even 
if the acceleration then becomes less than the set value during 
that period. 

[0086] In step S308, the second acceleration comparator 210b 
5 makes a comparison to determine whether or not the detected 
acceleration is equal to or more than the set value. When the 
second acceleration comparator 210b determines that the accelera- 
tion is equal to or more than the set value , the timer value of 
the second timer 211b is reset to start (step S309) and the value 

10 of a second flag is set at 1 (step S310). 

[0087] When the second acceleration comparator 210b determines 
that the detected acceleration is less than the set value, it is 
checked whether or not the second timer 211b is in operation (step 
S311). When the second timer 211b is in operation , the process 

15 proceeds to step S313. When the second timer 211b is not in 
operation, the value of the second flag is turned to 0 (step S3 12 ) . 
Through the operation of steps S308 to S312, once the detected 
acceleration of the second acceleration sensor 202b becomes equal 
to or more than the set value, the value of the second flag is 

20 maintained at 1 for a fixed time period even if the acceleration 
becomes less than the set value during that period. 
[0088] In step S313, the third acceleration comparator 210c 
determines whether or not the detected acceleration is equal to 
or more than the set value . When the third acceleration comparator 

25 210c determines that the acceleration is equal to or more than 
the set value, the timer value of the third timer 211c is reset 
to start (step S314) and the value of a third flag is set at 1 
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(step S315). 

[0089] When the third acceleration comparator 210c determines 
that the detected acceleration is less than the set value, it is 
checked whether or not the third timer 211c is in operation (step 
5 S316). When the third timer 211c is in operation, the process 
proceeds to step S3 18 shown in FIG. 8B. When the third timer 211c 
is not in operation, the value of the third flag is turned to 0 
(step S317). Through the operation of steps S313 to S317, once 
the detected acceleration of the third acceleration sensor 202c 

10 becomes equal to or more than the set value, the value of the third 
flag is maintained at 1 for a fixed time period even if the 
acceleration becomes less than the set value during that period. 
[0090] The speed calculator 208 shown in FIG. 7 calculates the 
current vehicle speed from the period of a pulse signal supplied 

15 from the speed sensor 204 (step S318). The speed comparator 209 
determines whether or not the current vehicle speed is equal to 
or more than the set value (step S319) . When the current vehicle 
speed is equal to or more than the set value, the process proceeds 
to step S320. 

20 [0091] In step S320, the first, second and third collision 
detectors 212a, 212b and 212c each calculate the deformation rate 
and the amount of deformation and compare the results with the 
thresholds. When the speed comparator 209 determines that the 
current vehicle speed is less than the set value, the process 

25 returns to step S302. 

[0092] When the speed comparator 209 determines that the current 
vehicle speed is equal to or more than the set value (step S3 19) 
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and the calculations of the deformation rate and the amount of 
deformation and the comparisons with the thresholds are performed 
(step S320) , the first collision detector 212a determines whether 
or not a collision is detected (step S321). When the first 
5 collision detector 212a determines that a collision is detected f 
it is determined whether or not the value of the second flag or 
third flag is 1 (step S322) . When it is determined that the value 
of the second flag or third flag is 1, that is, it is determined 
that the second timer 211b or third timer 211c is in operation , 
10 the first collision determiner 216a outputs a collision 
determination signal (step S323). 

[0093] When the first collision detector 212a determines that 
no collision is detected , or the second flag and third flag are 
0, the process proceeds to step S324. 

15 [0094] In step S324, the second collision detector 212b 

determines whether or not a collision is detected. When the second 
collision detector 212b determines that a collision is detected, 
it is determined whether or not the value of the first flag or 
third flag is 1 (step S325) . When it is determined that the value 

20 of the first flag or third flag is 1, that is, it is determined 
that the first timer 211a or third timer 211c is in operation, 
the second collision determiner 216b outputs a collision 
determination signal (step S326). 

[0095] When the second collision detector 212b determines that 
25 no collision is detected, or the first flag and third flag are 
0, the process proceeds to step S327. 

[0096] In step S327, the third collision detector 212c 
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detenoines whether or not a collision is detected. When the third 
collision detector 212c determines that a collision is detected, 
it is determined whether or not the value of the first flag or 
second flag is 1 (step S328 ) . When it is determined that the value 
5 of the first flag or second flag is 1, that is, it is determined 
that the first timer 211a or second timer 211b is in operation, 
the third collision determiner 216c outputs a collision 
determination signal (step S329). When the third collision 
detector 212c determines that no collision is detected, or the 

10 first flag and second flag are 0, the process returns to step S302 . 
[0097] When any of the first, second and third collision 
determiners 216a, 216b and 216c outputs a collision determination 
signal (step S323, S326 or S329), an actuating signal is supplied 
to the actuators 206a and 206b (step S330), and the operation is 

15 finished. 

[0098] Now, a collision determination system according to a 
third embodiment will be described with reference to FIG. 9. In 
an electrical functional block diagram of an ECU 407 in the third 
embodiment shown in FIG. 9 , members identical to those in the second 

20 embodiment shown in FIG. 7 are affixed identical reference numerals , 
and will not be described in detail. The third embodiment shown 
in FIG. 9 is different from the second embodiment shown in FIG. 
7 especially in references and the operation of first, second and 
third collision determiners 416a, 416b and 416c. Only the 

25 differences will be described. 

[0099] The first collision determiner 416a receives a collision 
signal from a first collision detector 212a and refers to the 
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operating state of a second timer 211b. When determining that the 
second timer 211b is in operation upon receiving the collision 
signal from the first collision detector 212a, the first collision 
determiner 416a outputs a collision determination signal to an 
5 actuating signal output 217a. 

[OlOO] The second collision determiner 416b receives a 

collision signal from a second collision detector 212b and refers 
to the operating states of first and third timers 211a and 211c. 
When determining that the first or third timer 211a or 211c is 
10 in operation upon receiving the collision signal from the second 
collision detector 212b, the second collision determiner 416b 
outputs a collision determination signal to the actuating signal 
output 217a. 

[OlOl] The third collision determiner 416c receives a collision 
15 signal from a third collision detector 212c and refers to the 
operating state of the second timer 211b. When determining that 
the second timer 211b is in operation upon receiving the collision 
signal from the third collision detector 212c, the third collision 
determiner 416c outputs a collision determination signal to the 
20 actuating signal output 217a. 

[01Q2] Now, an operation of the collision determination system 
in the third embodiment shown in FIG. 9 will be described with 
reference to a flowchart shown in FIG. 10. The flowchart shown 
in FIG. 10 corresponds to the flowchart shown in FIG. 8B and is 
25 a continuation of the flowchart of FIG. 8A. In the flowchart shown 
in FIG. 10, steps substantially identical to those in the second 
embodiment shown in FIG. 8B are affixed identical reference 
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numerals and will not be described in detail. The flowchart shown 
in FIG. 10 has differences only in steps S322 and S328 shown in 
FIG. 8, and only steps S431 and S432 in FIG. 10 corresponding to 
those steps will be described. 
5 [0103] The first collision detector 212a determines whether or 
not a collision is detected (step S321) . When the first collision 
detector 212a determines that a collision is detected, it is 
determined whether or not the value of a second flag is 1 (step 
S431). When it is determined that the value of the second flag 
10 is 1, that is, it is determined that the second timer 211b is in 
operation, the first collision determiner 416a outputs a collision 
determination signal (step S323). 

[0104] When the first collision detector 212a determines that 
no collision is detected in step S321, or it is determined that 
15 the value of the second flag is 0 , the process proceeds to step 
S324. 

[0105] In step S324, the second collision detector 212b 

determines whether or not a collision is detected. When the second 
collision detector 212b determines that a collision is detected 

20 (step S324), it is determined whether or not the value of a first 
flag or third flag is 1 (step S325). when it is determined that 
the value of the first flag or third flag is 1, that is, it is 
determined that the first timer 211a or third timer 211c is in 
operation, the second collision determiner 416b outputs a 

25 collision determination signal (step S326). 

[0106] When the second collision detector 212b determines that 
no collision is detected in step S324, or it is determined that 
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both the first and third flags are 0, the process proceeds to step 
S327. 

[O107] In step S327, the third collision detector 212c 

determines whether or not a collision is detected. When the third 
5 collision detector 212c determines that a collision is detected 
(step S327 ) , it is determined whether or not the value of the second 
flag is 1 (step S432). When it is determined that the value of 
the second flag is 1, that is, it is determined that the second 
timer 211b is in operation, the third collision determiner 416c 
10 outputs a collision determination signal (step S329). When the 
third collision detector 212c detects no collision in step S327, 
or the value of the second flag is 0 in step S432, the process 
returns to step S302 shown in FIG. 8A. 

[0108] When any of the first, second and third collision 
15 determiners 416a, 416b and 416c outputs a collision determination 
signal (step S323, S326 or S329), an actuating signal is supplied 
to actuators 6a and 6b (step S330) , and the operation is finished. 

[0109] The second and third embodiments have been described with 
three acceleration sensors, but the number of acceleration sensors 
20 is not limited to three and may be two or more than three. 

[OHO] The present disclosure relates to the subject matters 
of Japanese Patent Applications No. 2002-183964 and No. 2002- 
183998, both filed June 25, 2002 , the disclosures of which are 
expressly incorporated herein by reference in their entireties. 

25 
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